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AN AUTOREGULATORY SYSTEM FOR VALIDATING MICROBIAL GENES AS POSSIBLE 'v 
ANTIMICROBIAL TRAGETS USING A TETRACYCLINE-CONTROLLABLE ELEMENT \ 



Field of Invention 

Methods for identifying/ which microbial genes are targets for inhibition by 
5 antibiotics. Specifically a tetracycline-regulated system which provides 

autoregulatory, inducible gene expression in recombinant microbes, such as bacteria, 
and in animals infected With the microbes, such as bacteria, is described. 

Background of the Invention 
The development of widespread antibiotic resistance in microbial pathogens 
10 has created an urgent medical need for new antimicrobial agents. Instead of relying 
on derivatives of existing antimicrobial agents, the pharmaceutical industry is 
looking for novel microbial processes to target in an attempt to create new classes of 
compounds (Knowles, D. J. C, Trends in Microbiol, 1997,5:379-383). 

Genes essential for maintaining an infection in an animal or essential for 
15 growth of the pathogen in vitro are good targets for antibiotic development. 

Traditionally, "essential genes" have been prioritized as good antimicrobial targets. 
Essential genes are those required for microbial cell growth in vitro and include such 
genes as those encoding DNA gyrase, ribosomal subunits, and cell wall biosynthetic 
enzymes. Many of these proteins and cell components have been identified as being 
20 encoded by essential genes because there are classic antimicrobial agents shown to 
inhibit the products of these genes (quinolones, tetracyclines, and "beta"-lactams 
respectively). Other essential genes have been identified from the characterization of 
conditional lethal mutants. 
qQ- J With the availability of whole microbial genome sequences, there are now 

25 many previously unknown and uncharacferized genes available which may turn out 
to be essential. The conventional approach for testing if a gene is essential is to 
attempt making a construct of that organism where the test gene is deleted or 
inactivated. If the organism can survive with the gene deleted or inactivated, the 
gene is not considered essential. For example, see Stranden, A. M., Ehlert, K., 
30 Labischinski, H., and Berger-Bachi, B., 1997, J. Bacteriol. 179:9-16). However, 
failure to create a mutant organism with an inactivated or deleted gene does not 
always mean that the gene is essential. For example see, Okada, K., Minehira, M., 
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Zhu, X., Suzaia^K, Nakagawa, T., Matsuda, H. and Kawamukai, M., 1997, J. 
BacterioL 179:3058-3060. This negative proof for a conclusion may not always be 
valid .^There may be other reasons why the gene deletion or inactivation could not be 
ma^e. 

5 Recently, virulence factors and genes required for pathogenesis have been 

suggested as novel targets for antimicrobial agents. Two widely read and referenced 
techniques, signature tagged mutagenesis (STM; Hensel, M., Shea, J. E., Gleeson, C, 
Jones, M.D., Dalton, E. and Holden, D., 1995, Science 269:400-403) and in vivo 
expression technology (IVET; Mahan, M. J., Tobias, J. W., Slauch, J. M., Hanna, P. 

10 C, Collier, R. J., and Mekalanos, J. J., 1995, PNAS 92:669-673) allow scientists to 
quickly identify a number of bacterial genes required for pathogenesis or that are 
induced during host infection. While these genes represent good targets for 
developing attenuated strains for vaccines, it is not clear if they represent valid 
targets for inhibition by antimicrobial agents. The critical distinction in this 

15 evaluation of potential gene targets is that antimicrobial agents are used to inhibit 
microbial pathogens after infections are established. If virulence factors or 
pathogenicity genes are only required to establish the infection, inhibition of these in 
an established infection would not clear the infection. If, after stopping the synthesis 
of specific genes, an established infection is cleared, those specific genes are essential 

20 for maintaining the infection. Therefore, it would be advantageous to develop a 

method for turning off an endogenous gene to test if it is essential for growth. Such a 
method would facilitate the identification of antimicrobial targets which should speed 
the development of new classes of antimicrobial compounds. 

Many of the ideas concerning such systems have been disclosed, see the 

25 definitions, theories and descriptions of PCT application PCT/US96/07937, 
International Publication Number WO 96/40979, published 19 December 1996 
(19.12.96). PCT/US96/07937 is hereby incorporated by reference into this document; 
however, recombinant sequences and the examples disclosed in PCT/US96/07937 are 
NOT incorporated here. 

30 Also US 5,464,758 disclose many of the mechanisms of the tetracycline- 

Responsive Promoters. US 5,464,758, published 7 Nov. 1995 is incorporated in part 
here, the general definitions, theories, principles, concepts, general information about 
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the tetracycline operator (tetO) sequences is incorporated into this document by 
reference but the sequences disclosed in US 5,464,758 are NOT incorporated into this 
document. Here Applicant describes a system that works. 

5 Summary of the Invention 

This invention provides for a process that allows the characterization of 
a microbial gene or genes, where the gene encodes a gene product; where the gene 
product is a gene target; where the gene target is important to a microbe's ability to 
infect or sustain an infection in a mammal, where the microbe is: genetically altered 

10 to become a genetically altered microbe, such that the amount of the gene product 
produced by the genetically altered microbe is regulated and controlled by a 
Tetracycline-Controllable Element or TCE; where the TCE is a gene regulatory 
system that controls the expression of the target gene or gene product, through its 
ability to modulate the function of the gene in response to the microbe's exposure to 

15 tetracycline, and where the TCE is comprised of a tetracycline-controllable 

transcription promoter polynucleotide sequence; where the gene, which may be any 
gene which encodes a microbial protein, or more generally a microbial gene product, 
is regulated by the TCE such that the gene produces either greater or lesser amounts 
of gene product, depending upon whether or not the genetically altered microbe is 

20 exposed to tetracycline; where the mammal is a plurality of at least two or more 

mammals, where the mammals are initially exposed to tetracycline and infected with 
the genetically altered microbe; followed by: the removal of the tetracycline exposed 
to a portion of the mammals, such that at least one or some mammals of one group of 
the mammals are exposed to tetracycline and the other one or group of mammals are 

25 not exposed to tetracycline; followed by: a comparison of the degree of infection, 
microbe levels, or physiological condition of the mammals exposed to tetracycline, 
compared to the degree of infection, microbe levels, or physiological condition of 
mammals not exposed to tetracycline; followed by: the identification of the genes, 
important to a microbe's ability to infect or sustain an infection in a mammal, where 

30 the comparison of the mammals exposed to tetracycline compared to the mammals 
not exposed to tetracycline shows a meaningful difference between the two groups of 
animals, or the infection levels of those animals. 
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In related aspects of the invention the TCE is a gene regulatory system that 
controls the expression of the target gene or gene product, through its ability to 
modulate the function of the gene in response to the microbe's exposure to 
tetracycline, and where the TCE is comprised of a tetracycline-controllable 
5 transcription promoter polynucleotide sequence, operably linked to a polynucleotide 
sequence encoding a reporter gene, the tetracycline-controllable transcription 
promoter polynucleotide sequence, is a prokaryotic transcription promoter, that may 
be operably linked to a polynucleotide sequence encoding a reporter gene (RG) and a 
target gene (TG). The reporter gene can be P-lactamase. The microbe can have 
1 0 additional genetic alterations comprising a tetracycline resistance (or protection) and 
repressor DNA cassette (TRRDC). The TCE, the TRRDC, the RG, and the TG can all 
be on the same DNA cassette, which may be referred to as a Regulatory DNA 
Cassette or RDC, but the other components beyond the TCE are not required to be on 
the RDC. The TRRDC can comprise the structural gene tetM, a tetracycline 
15 resistance gene, the structural gene tetR , a tetracycline repressor gene and it can 
have a promoter operably linked to the TCE. 

A meaningful difference between the tw£> groups of animals being tested is a 
mathematically significant difference in the/Survival rates or the levels of microbes, 
or levels of infection present in the mamntals. The meaningful difference between 
20 the two groups of animals is a mathematically significant difference in the survival 
rates of the groups of animals. The/the significant difference in the survival rates of 
the groups of animals shows that/animals exposed to tetracycline have poorer health, 
higher rates of infection, lower^survival or higher levels of microbes than animals not 
exposed to tetracycline. The^animals can be mammals, preferably mice or other 
25 rodents. 

The tetracycline resistent gene of the TRRDC can be comprised of sequences 
from the Staphylococcus aureus tetM gene. The tetracycline repressor gene of the 
TRRDC can be derived from the TnlO transposon. 

The microbe can be a recombinant bacterium. It can be a Staphylococcus 
30 species, such as Staphylococcus aureus, or a virus, a lower eukaryote, or even a yeast. 

The invention further comprises an isolated DNA molecule for integrating a 
heterologous polynucleotide sequence at a pre-determined location in a prokaryotic 
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chromosome to operably control an endogenous prokaryotic gene, the DNA molecule 
comprising recombining element (RE) and a tetracycline controllable element (TCE), 
the TCE comprising a tetracycline-controllable prokaryotic transcription promoter 
polynucleotide sequence flanked at its 5 ? end by the RE, the RE comprising additional 

5 polynucleotide sequences of sufficient length for homologous recombination between 
the isolated DNA molecule and the prokaryotic chromosome. 
qOC^ This isolated DNA molecule can havea' polynucleotide sequence encoding a 

reporter gene operably linked to the TCE. The reporter gene can be beta-lactamase. 
In some cases at least one prokaryotic transcription terminator polynucleotide 

10 sequence positioned between the RE and the TCE. The DNA can also have a 
polynucleotide sequence encoding a prokaryotic tetracycline resistance protein 
operably linked to a prokaryotic transcription promoter polynucleotide sequence 
positioned between the RE and the TCE. The tetracycline resistance protein can be 
derived from the Staphylococcus aureus tetM gene. The DNA can have a 

15 polynucleotide sequence encoding a prokaryotic tetracycline repressor protein 
operably linked to a tetracycline-controllable prokaryotic transcription promoter 
polynucleotide sequence positioned between the RE and the TCE. The tetracycline 
repressor may be a Tnl'() transposon, derived from a Tet repressor. Sequences of 
TnlO transposons are disclosed herein. Associated vectors and cells, especially 

20 prokaryotic host cells are described. The DNA has various recombining elements and 
tetracycline-controllable elements, reporter genes like beta-lactamase whose 
sequences thaj? may be selected from the sequence listing. 

The DNA molecules herein can be operably inked to a reporter gene, such as 
beta-lactamase (P-lactamase), especially a beta-lactamase from the included sequence 

25 listing, and the reporter gene can be operably linked to the tetracycline-controllable 
element. 

The tetracycline resistance protein/can be derived from the Staphylococcus 
aureus tetM gene or from various sequences provided. The tetracycline repressor may 
be a tetR gene derived from the TnlO transposon, and several sequences are provided. 
30 At least one prokaryotic transcription terminator sequeunce can be positioned 

between the tetracycline-controllable element and one or more recombining elements. 
A prokaryotic tetracycline resistance protein can be operably linked to a 
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transcription promoter polymicleotide sequence. A polynucleotide sequence encoding 
^ j a tetracycline repressor pimein can be operably linked to a transcription promoter 
polynucleotide sequence/ The DNA desribed here can be made into a form suitable 
for transformation of ^host cell. 

The invention further comprises another different type of isolated DNA 
^ molecule for integrating a heterologous polynucleotide sequence at a pre-determined 
location in a prokaryotic. This other type of DNA can be described as: an isolated 
DNA molecule for integrating a polynucleotid^sequence including 
tetracycline-controllable elements (TCE) at a pre-determined location in a target 
10 DNA molecule, the isolated DNA molecule'comprising the following DNA elements 
fused in sequence: a) a first prokaryotic4ranscription terminator polynucleotide 
sequence; b) a second prokaryotic transcription terminator polynucleotide sequence; 

c) a polynucleotide sequence encoding a prokaryotic tetracycline resistance protein; 

d) a polynucleotide sequence encoding a prokaryotic repressor protein; e) a first 
15 tetracycline-controllable prokaryotic transcription promoter polynucleotide sequence; 

f) a second tetracycline-controllable prokaryotic transcription promoter 
polynucleotide sequence; and g) a polynucleotide sequence encoding a reporter 
protein; the isolated DNA molecule comprising a polynucleotide sequence including 
the TCE flanked at the end opposite the polynucleotide sequence encoding the 
20 reporter protein by additional polynucleotide sequences of sufficient length for 

homologous recombination between the isolated DNA molecule and the target DNA 
molecule at a pre-determined location. All of the modifications described above can 
be applied to tile DNA molecule described in this paragraph. This DNA molecule 
may also be eiescribed as a DNA cassette, it may also be called an RDC. Note an RDC 
25 does not have to be on a single cassette, the elements of an RDC can be fashioned in 
many different ways. Elements of the RDC can even be taken from the microbe itself. 

Finally, this systeiii is describe in detail with bacterial it can also be adapted 
to other type of organisms. When the system is used with a virus, eukaroyte or yeast 
the transcription promoters and structural genes should be modified in a manner 
30 apparent to one'skilled in the art that would make the promoters and genes active in 
that organism. 

Brief Description of the Figures 
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Figure 1 is a schematic representation of a preferred embodiment of the 
invention. Fig. 1 shows three linked DNA cassettes or elements. The three 
components shown, which may be operably linked but need not be, are a TRRDC, 
(Tetracycline Resistance (or protection) and Repressor DNA Cassette); a TCE 
5 (Tetracycline-Controllable Element); and RG (Reporter Gene), together the 
components, which need not be linked are called the RDC (Regulatory DNA 
Cassette). Arrowheads represent transcription start sites and the direction of 
transcription. The two octagons represent transcription terminators. Boxes 
represent coding regions for the genes, the arrows show the direction of transcription 

10 of these genes. The open circles represent tetO sequences, where tetracycline- 
repressor protein binds in the absence of tetracycline. Vertical bars represent 
restriction endonuclease cleavage sites. The region between the cleavage sites 
between the tetR and BlaZ coding regions is the TCE region. The tetM, tetR, TCE 
and BlaZ are described herein. Fig. 1 shows a particular embodiment of this 

15 invention because it shows three transcription promoter systems, the TCE, the 
TRRDC and the RG combined in a single DNA element where in fact, neither the 
TRRDC nor the RG must be in the same DNA construct as the TCE. 

Figure 2, SEQ. ID, NO. 33, is the nucleotide sequence of the synthetic DNA 
fragment of the regulatory cassette containing two transcription terminator 

20 sequences. The nucleotides in bold letters comprise recognition sequences for the 
restriction endonuclease indicated above in italics. The dotted arrows indicate the 
regions of dyad symmetry of the rho-independent terminator sequences where 
putative stem-loops form followed by a string of T's during transcription. 

Figure 3, SEQ. ID. NO. 34, is the nucleotide sequence of the amplified DNA 

25 fragment for the element of the regulatory cassette encoding tetracycline resistance 
gene, the tetM. The nucleotides in bold letters comprise recognition sequences for the 
restriction endonucleases indicated above in italics. The DNA represents the coding 
strand for the gene, with transcription and translation occurring from top to bottom 
as shown in this Figure. 

30 Figure 4a, SEQ. ID. NO. 35, is the nucleotide sequence of the amplified DNA 

sequence for the element. The nucleotides in bold letters comprise recognition 
sequences for the restriction endonucleases indicated above in italics. The DNA 
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represents the coding strand for the gene, with transcription and translation 
occurring from top to bottom as shown in this figure. 

Figure 4b, SEQ. ID. NO. 36, is the nucleotide sequence of Figure 4a with 
additional sequence from the 5' untranslated region of the tetR gene. The nucleotides 
5 in bold letters comprise recognition sequences for the restriction endonucleases 
indicated above in italics. The DNA represents the coding strand for the gene, with 
transcription and translation occurring from top to bottom as shown in this figure. 

Figure 5, SEQ. ID. NO. 37/is the nucleotide sequence of the synthetic DNA 
fragment of the regulatory cassette containing two diverging transcriptional 
10 promoters with tetO sequences. The nucleotides in bold letters comprise recognition 
sequences for the restriction endonucleases indicated above in italics. Capitalized 
nucleotides on both DNA strands represent tetO sequences, putative binding sites for 
the tet repressor protein in the absence of tetracycline. The -35 and -10 regions of the 

tet promoter (P^) and xyl promoter (P xyl ) are underlined and overlined, respectively. 

15 The capitalized ATG on the bottom strand indicates the start codon of the tetR open 
reading foame. 

Figure 6a, (SEQ. ID. NO. 38) and Figure 6b (SEQ. ID. NO. 39) are 
the nucleotide sequences of alternative amplified DNA elements for the regulatory 
cassette encoding the reporter gene, BlaZ. The nucleotides in bold letters comprise 

20 recognition sequences for the restriction endonucleases indicated above in italics. 
The DNA represents the non-coding strand of the DNA, with transcription and 
translation going from top to bottom in this figure. Figure 6a (SEQ. ID. NO. 38) 
represents the sequence which would be used for constructs where the cassette could 
be integrated into the chromosome. Figure 6b (SEQ. BD. NO. 39) represents the 

25 sequence which would be used for constructs where the reporter gene is cloned 
downstream of the target gene. 

Figure 7 a, SEQ. ID. NO. 40, is the nucleotide sequence of the amplified DNA 
homologous to Staphylococcus aureus chromosomal DNA upstream to the endogenous 
structural gene for elongation factor Tu (EF-Tu). Figure 7b, SEQ. ID. NO. 41, is the 

30 nucleotide sequence of the amplified DNA homologous to Staphylococcus aureus 
chromosomal DNA overlapping the 5' end of the structural gene for EF-Tu. The 



o 

WO 99/36554 



O 



PCT/US99/00371 



nucleotides in bold letters comprise recognition sequences for the restriction 
endonucleases indicated above in italics. 

Figure 8a, SEQ. ID. NO. 42, is the nucleotide sequence of the amplified DNA 
homologous to Staphylococcus aureus chromosomal DNA upstream to the endogenous 
5 structural gene for femA. Figure 8b, SEQ. ED. NO. 43, is the nucleotide sequence of 
the amplified DNA homologous to Staphylococcus aureus chromosomal DNA 
overlapping the 5* end of the structural gene for femA. The nucleotides in bold letters 
comprise recognition sequences for the restriction endonucleases indicated above in 
italics. 

10 Figure 9a, SEQ. ID. NO. 44, is the nucleotide sequence of the amplified DNA 

homologous to Staphylococcus aureus chromosomal DNA upstream to the endogenous 
structural gene for Igt. Figure 9b, SEQ. ED. NO. 45, is the nucleotide sequence of 
the amplified DNA homologous to Staphylococcus aureus chromosomal DNA 
overlapping the 5' end of the structural gene for Igt. The nucleotides in bold letters 

15 comprise recognition sequences for the restriction endonucleases indicated above in 
italics. 

Detailed Description of the Invention 

Definitions. Throughout this document words and phrases are used that 
should be known to one skilled in the art. A PhD scientist having experience in the 

20 field will know what is described here. The documents incorporated by reference 
define many terms. In some cases special words, phrases or abbreviations are used 
that are unique to this document. The meaning of those special or unique words, 
phrases or abbreviations can be learned either from reading them in context and/or 
they are decribed immediately below. 

25 ^ when followed bWa number refers to temperature in degrees Celsius. The C 

may be followed by a slash *7" and a number, or the C may be followed by a supercript 



and a number, e.g.C/31 or C°37. 



beta-lactamase or P-lactamase - is a reporter gene and protein, it is further 
described belpw. 

30 gene product - means any protein, enzyme, nucleic acid, ribosome components, 

compounds, even sugar coded by or directly resulting from a protein whose sequence 
was coded for by the subject gene. 
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RDC - means a stable Regulatory DNA Cassette, it is further described below. 

RE - means Recombining Elements, it is further described below. 

TCE - means a Tetracycline-Controllable Element, it is further described 

below. 

5 TRRDC - means a Tetracycline Resistance (or protection) and Repressor DNA 

Cassette (TRRDC), it is further described below. 

RG - means reporter gene, it may also be called a marker gene or enzyme. 
Sometimes when read in context reporter gene will refer to the reporter protein. 

tetO - means tetracycline operator sequences, it is further described below. 
10 micron - can be abbreviated with the symbol "u" or u \i" 

TnlO - means means a bacterial transposon that can confer tetracycline 
resistance in E. coli and other entarobacteria, it is further described below. 

Here we describe a way to identify which microbial genes are essential for 
maintaining an infection. We disclose a screen designed to genetically engineer 
15 microbial pathogens so that expression of specific genes can be regulated in vitro and 
during host infection . To accomplish this, heterologous DNA sequences are inserted 
into the bacterial chromosome to disrupt wild type expression of a targeted gene. 
Expression of the targeted gene is then regulated by inserting a regulatory cassette 
into the chromosome such that the regulatory cassette controls expression of the 
20 targeted gene. Alternately the targeted gene can be cloned and put under the control 
of a regulatory cassette somewhere else in the chromosome or on an 
extrachromosomal DNA fragment. This theory can be applied to any gene regulatory 
system where the gene is regulated and controlled by regulatory elements and where 
the regulatory elements respond to exogenous influences. Examples exist of 
25 regulatory elements controlled or influenced by such things as for example, beta- 
lactamase, beta-galactoside and nutritional factors such as sugars, (glucose, etc.), 
amino acids, (tryptophan, etc,) and chemical elements, (iron, etc.). 

Applicant's incorporate the definitions, theories and descriptions of PCT 
application PCT/US96/07937, International Publication Number WO 96/40979, 
30 published 19 December 1996 (19.12.96), in part, into this document by reference. 
Recombinant sequences and the examples disclosed in PCT/US96/07937 are NOT 
incorporated into this document. 
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US 5,464,758, published 7 Nov. 1995 is incorporated in part here, the general 
definitions, theories, principles, concepts, general information about the tet operator 
(tetO) sequences is incorporated into this document by reference but the sequences 
disclosed in US 5,464,758 are NOT incorporated into this document. 
5 Here we specifically describe gene regulatory elements which respond to the 

presence or absence of tetracycline. Tetracycline is thus used to regulate the 
expression of the targeted genes. Because tetracycline is not normally present in 
animals, a tetracycline-regulated microbial gene can be controlled in vivo by adding 
or removing tetracycline from the infected animals' diet. 

10 This invention describes a method for evaluating microbial gene products as 

targets for antimicrobial agents. Antibiotics work by targeting a microbial process 
essential for survival of the microbe in the infected host. By genetically engineering 
microbes so that genes can be shut off while the microbes are infecting a mammal it 
allows us to mimic the effect of a compound that inhibits a process where the gene 

15 product is involved. If the gene product is required by the microbe for survival in the 
host, turning off the gene is comparable to treating the infection by administering 
antibiotics that target any process in which that gene is involved. In this way, we can 
test the effect of inhibiting these steps without having to first screen for specific 
chemical inhibitors. 

20 PCT publication, WO 96/40979, assigned to Microcide Pharmaceuticals, Inc. 

suggests it might be possible to regulate the genes of a microbe during an infection, 
but the document does not describe how this could be done. The description provided 
in this document now describes a method for genetically engineering a microbe so 
that a specific gene of interest in the microbe can be regulated while the microbe is 

25 infecting a mammal. This genetically engineered system for regulating genes of 
interest is controlled by the presence or absence of tetracycline. In this invention, a 
mammal could be infected with the genetically engineered microbe while feeding the 
mammal tetracycline. The system is designed such that the gene is expressed in the 
presence of tetracycline. Once the infection is established, tetracycline is removed 

30 from the diet, turning off expression of the gene. If the target is a gene or gene 

product required for the infection, removing the tetracycline and turning off the gene 
should clear the infection from the mammal. 
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Genetic engineering of the microorganism requires the incorporation of a TCE 
into the microbe. TCE means a Tetracycline-Controllable Element, and it is more 
fully described below. 

The TCE can be made into part of a defined DNA unit or DNA cassette, which 
5 can contain about 5 or 6 different elements. These elements are all shown as part of 
Figure 1. Those elements can include: a) 1 to several transcription terminators; b) 
the structural gene tetM, c) the structural gene tetR\ d) 1 to several promoters; e) a 
reporter element or reporter gene, which is here exemplified by the structural gene 
for BlaZ. f) These different elements have restriction sites which allow compatible 
10 ends and this allows for ligation of the different elements into the DNA cassette. 
The entire DNA cassette shown in Fig. 1 is called the Regulatory DNA Cassette or 
the RDC. 

Note, the structural gene tetM, and the structural gene tetR do not need to be 
part of the RDC per se, rather they can be on a different plasmid or otherwise 

15 inserted into the microbe in a manner where they are expressed by the microbe, but 
they do not need to be controlled by the promoters in the RDC. The structural gene 
tetM, the structural gene tetR and a promoter sequence are referred to here as the 
tetracycline resistance (or protection) and repressor DNA cassette (TRRDC). As is 
used in this document, the tetracycline repressor gene refers to the structural gene 

20 tetR and its associated protein, the tetracycline repressor protein refers to the 

structural protein TetR. As is used in this document, the tetracycline resistance gene 
refers to the structural gene tetM and its associated protein, the tetracycline 
resistance protein refers to the structural protein, TetM. The function, purpose and 
design of the tetR and tetM genes and gene products are more fully discussed below. 

25 The components of the TRRDC are shown in Fig. 1. The three elements, the TRRDC, 
the TCE and the Reporter Gene (RG), are all shown in Fig, 1. 

The transcription terminators also are not required in the TRRDC but they 
may be in the TRRDC, as is shown in Fig. 1. The reporter gene, RG, can be any gene 
which expresses a gene product which can be quantitatively assayed. Here we have 

30 found the BlaZ gene makes a preferred reporter gene. Thus, Fig. 1 is shown to be a 
particular embodiment of this invention. Fig* 1 shows two transcription promoter 
systems in a single DNA element or cassette where in fact they do not need to be 
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combined in this manner. What is required is that the target gene and the reporter 
gene both be controlled by the same promoter system, and this system is regulated by 
tetracycline. The structural genes for the structural gene tetM y and the structural 
gene tetR can be controlled by a promoter or promoters from any source that 
5 functions in the microbe, such as a separate plasmid. 

The key component of the RDC, is the TCE (tetracycline- controllable element) 
which is a gene regulatory system that controls the expression of the target gene, or 
gene product. The target, or gene product being evaluated as a target for 
antimicrobial treatment is controlled by a transcription promoter that in turn is 

10 regulated by a tetracycline repressor protein encoded by tetR. In the absence of 
tetracycline, the te£R-encoded protein binds tetracycline operator sequences (tetO) 
around the transcription promoter, reducing or preventing transcription from the 
promoter. In the presence of tetracycline, the te£R-encoded protein binds tetracycline, 
preventing binding to the tetO sequences, allowing transcription from the promoter. 

15 (TCE) has the promoter sequences allowing for transcription of the target gene and 
includes tetO sequences. In this example we have included the tetR gene in the RDC, 
but it could be incorporated into the microbe as a separate component, either as a 
chromsomal insertion or on a plasmid vector. 



oS^y The tetracycline-controllable element^TCE) system in the example shown 
20 here is based on regulatory elements of a tetracycline-resistance operon. TnlO is a 
transposon with a tetracycline-regulatoiVsystem. TnlO is described in Hillen & 
Wissmann, "Topics in Molecular and Structural Biology," in Protein-Nucleic Acid 
Interaction, Saeger and Heinemann, eds., Macmillan, London, 1989, Vol. 10, pp. 143- 
162), incorporated by reference into this document. Transcription of resistance- 
25 mediating genes within TnlO is^iegatively regulated by a tetracycline repressor 

(TetR). In the presence of tetracycline or a tetracycline analogue, TetR does not bind 
to its operators located within the promoter region of the operon, allowing 
transcription. Promoters xSperably fused to tetracycline operator (tetO) sequences are 
virtually silent in the m4sence of TetR and low concentrations of tetracycline. 
30 — . The specificity of the TetR for its operator sequence (Hillen & Wissmann, 
"Topics in Molecular and Structural Biology," in Protein-Nucleic Acid Interaction, 
Saeger & Heinemann, eds., Macmillari, London, 1989, Vol. 10, pp. 143-162) as well as 
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the high affinity ofifetracycline for TetR (Takahashi et al., J. Mol. Biol. 187:341-348 
O (1986)) and the well-studied chemical and physiological properties of tetracyclines 
constitute a basis for an inducible expression system in prokaryotic cells. 

The present invention also relates to a second polynucleotide molecule coding 
5 for a protein, wherein said polynucleotide is operably linked to a minimal promoter 
operatively linked to at least one tet operator (tetO) sequence. The tetO sequence 
may be obtained, for example according to Hillen & Wissmann, "Topics in Molecular 
and Structural Biology," in Protein-Nucleic Acid Interaction, Saeger & Heinemann, 
eds., Macmillan, London, 1989, Vol. 10, pp. 143-162, the contents of which are fully 

10 incorporated by reference herein. Other tetO sequences which may be used in the 
practice of the invention may be obtained from the references given in the following: 
Waters et al., Nucl. Acids Res, 11:6089-6105 (1983); Postle et al., Nucl Acids Res. 
12:4849-4863 (1984); Unger et al., Gene 31:103-108 (1984); Unger et al., Nucl. Acids 
Res. 12:7693-7703 (1984); Tovar et al., Mol Gen, Genet 215:76-80 (1988); for 

15 comparison and overview see Hillen & Wissmann in Protein-Nucleic Acid Interaction, 
Saeger & Heinemann, eds., Macmillan, London, 1989, Vol. 10, pp. 143-162 and can 
also be utilized for the expression system described. All references in this paragraph 
incorporated by reference into this document. 

To prevent killing of the microbe by the tetracycline used to regulate the 

20 system, a gene encoding a protein that confers tetracycline resistance is also added to 
the construct. Tetracyline functions as an antibiotic by interferring with an 
elongation factor required for protein synthesis. Some genes conferring tetracycline 
resistance express a gene product that would effect the tetracycline levels in the cell, 
either by pumping tetracycline out of the cells, or by chemically altering the 

25 tetracycline. Because tetracycline is needed to regulate the TCE, it is important to 
use a tetracycline resistance gene that does not alter the tetracycline levels in the 
microbe. Specifically, the tetM gene, a tetracycline resistance gene, was chosen to 
provide tetracycline protection to the microbe. The tetM gene encodes a protein 
believed to be an alternative ribosomal elongation factor that can function in the 

30 presence of tetracycline. Here we describe adding the tetM gene to make the RDC, 
but it too could be added seperately to the microbe, by insertion into the chromsome 
or on a plasmid vector. 
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In addition, a reporter gene may be added to the construct that allows for an 
easy way to measure the amounts of protein expressed from a gene under control of 
the RDC. Alternatively the reporter gene may be present in the microbe. In our 
case, the gene BlaZ, encoding p-lactamase is used as the reporter gene. This gene 
5 allows for selection of expression in that it confers resistance to P-lactams. That is, 
organisms expressing this gene can be selected by their survival in the presence of (3- 
lactams. Furthermore, the levels of (3-lactamase can be quantitatively assayed by a 
simple colorimetric assay. By following the levels of p-lactamase activity in the 
presence or absence of tetracycline, we can measure the sensitivity of the TCE, using 
10 this to select optimized TCE sequences. 

The TCE must then be linked to the target genes in the microbe. This can be 
accomplished in several ways. Here two promenent methods will be discussed as 
Option I and Option II. Other options should be apparent to one ordinarily skilled in 
the art. 

15 Option I. The TCE alone; the TCE l^ated to tetR, tetM and BlaZ ; or the full 

) RDC, can be inserted into the chromosome. Recombining elements (RE) flanking the 
inserted DNA should be designed to have enough sequence identity with the host 
chromosomal DNA to allow homologous recombination into the chromosome. The RE 
sequences are designed to target/insertion so that the cassette is between the target 

20 gene and it's endogenous transcription promoter sequences. In this way, the natural 
controlling seqeunces are removed from the target gene, and the target gene 
expression is controlled by the TCE as inserted or the TCE as part of the RDC. 

Option II. Anottter method for linking the target genes to the TCE involves 
introduction of the target gene between the TCE (either alone; or ligated to tetR, tetM 

25 and BlaZ; or as part of the RDC) and the reporter gene or just after the reporter gene 
on a plasmid vector in the microbe. In this Option II method, a microbe is used which 
has the wildtype target gene from the chromosome inactivated. The target gene is 
then ligated into the TCE containing DNA fragment and inserted into a suitable 
plasmid vector for stable transformation of the microbe. 

30 The genetically engineered microbe is then used to infect a sample of 

mammals such as mice. For example, two groups of mice, say Group A mice and 
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Group B mice, are all treated with tetracycline (possibly by adding tetracycline to 
their drinking water) while being infected with the microbe. In both groups of mice, 
the gene in the infecting microbe should be on and producing functional product 
because the microbe is exposed to tetracycline being fed to the animals. Tetracycline 
5 is then removed from the water of the Group B mice. The Group A and Group B 
mice are then compared over time. Because the Group A mice are still exposed to 
tetracycline, the target gene in the microbe should be on and functioning in Group A 
infections. But in the Group B mice, expression of the target gene in the infecting 
microbe should be reduced, or even turned off, once the tetracycline is removed. If 

10 the Group A mice, the mice with microbes having a functioning gene, continue to 
show signs of infection and continue to get sick and possibly even die, while at the 
same time the Group B mice, infected with microbes where the gene is turned off, and 
thus producing less gene product, may be able to recover from the infection, or they 
may show signs of improvement, or if they at least don't die, then one knows that the 

1 5 controlled gene or gene product is important for the microbe to sustain the infection 
and should be selected as an antimicrobial target. This type of difference would be 
considered a significant difference. Any significant difference would also be 
considered a meaningful difference between the two groups of animals. Significance 
can also be quantified with well known statistical tests. A meaningful difference 

20 could be determined by one ordinarily skilled in the art of evaluating microbial 
infections. 

If both Group A and B mice continue to get sick or continue to suffer from the 
microbial infection, after tetracycline is removed from the diet of Group B mice, that 
indicates the gene is probably not a good target for further antimicrobial research, 
25 because inhibiting the protein or gene product probably will not cure the infection in 
a mammal anyway. 

This is just one example of how the system may be used, obvious variations of 
the above example should be apparent to one skilled in the art. The invention being 
described above, the authors would now like to provide a few preferred embodiments 
30 of the invention. 



Preferred Embodiments 
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A preferred embodiment of the invention/relates to an isolated DNA molecule, 
or DNA cassette, for integrating a heterologous polynucleotide sequence at a 
pre-determined location in a microbial chromosome to operably control an 
endogenous prokaryotic gene or as an extrachromasomal element cloned such that it 
5 operably controls a functional copy of the targeted gene, the DNA molecule 

comprising a tetracycline controllable element (TCE) where the TCE comprises a 
tetracycline-controllable prokaryotic transcription promoter. For integration into the 
microbial chromosome, the TCE polynucleotide sequence is flanked at its 5' end, and 
optionally at the 3' end, by a recombining elements (RE), where the RE comprises 

10 additional polynucleotide sequences of sufficient length for homologous recombination 
between the isolatejr DNA molecule and the microbial chromosome. 

In a preferred embodiment, the isolated DNA molecule referred to above 
further comprises a polynucleotide sequence, which encodes a reporter gene, that is 
operably linked to the TCE. The reporter gene can be a fluorescent marker, an 

15 enzyme such as beta-galactosidase, a protease, here the preferred reporter gene is 
beta-lactamase. 

In an alternative preferred embodiment, the isolated DNA molecule referred 
to above further comprises at least one transcription terminator polynucleotide 
sequence positioned between the RE and the TCE. 

20 In yet another preferred embodiment, the isolated DNA molecule referred to 

above further comprises a polynucleotide sequence, which encodes a prokaryotic 
tetracycline resistance protein, operably linked to a transcription promoter 
polynucleotide sequence positioned between the RE and the TCE. Preferably, the 
tetracycline resistance protein is derived from the Staphylococcus aureus tetM gene. 

25 In another preferred embodiment, the isolated DNA molecule referred to 

above further comprises a polynucleotide sequence, which encodes a prokaryotic 
tetracycline repressor protein, operably linked to a tetracycline-controllable 
prokaryotic transcription promoter polynucleotide sequence positioned between the 
RE and the TCE. Preferably, the tetracycline repressor is derived from the 

30 transposon TnlO, see Postle, K, Nguyen, T. T., and Bertrans, K. P., 1984, Nucleic 
Acids Research 12:4849-4863, incorporated into this document by reference. 
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In an alternative preferred embodiment, the isolated DNA molecule referred 
to above is a recombinant vector in a form suitable for transformation of a host cell. 
Another preferred embodiment comprises a host cell transformed with this 
recombinant vector. 

5 Another preferred embodiment comprises a microbial host cell comprising the 

DNA molecule referred to above wherein the DNA molecule is integrated at a 
pre-determined location in the host cell chromosome. 

An alternative preferred embodiment of the invention relates to an isolated 
DNA molecule for integrating a polynucleotide sequence including tetracycline- 

10 controllable elements (TCE) at a pre-determined location in a target DNA molecule, 
the isolated DNA molecule comprising the following DNA elements fused in sequence: 
a first transcription terminator polynucleotide sequence; a second transcription 
terminator polynucleotide sequence; a polynucleotide sequence encoding a 
prokaryotic tetracycline resistance protein; a polynucleotide sequence encoding a 

15 prokaryotic repressor protein; a first tetracycline -controllable transcription promoter 
polynucleotide sequence; a second tetracycline-controllable transcription promoter 
polynucleotide sequence; and a polynucleotide sequence encoding a reporter protein; 
the isolated DNA molecule comprising a polynucleotide sequence including the TCE 
flanked at the end opposite the polynucleotide sequence encoding the reporter protein 

20 by additional polynucleotide sequences of sufficient length for homologous 

recombination between the isolated DNA molecule and the target DNA molecule at a 
pre-determined location. In a preferred embodiment, a recombinant vector 
comprising this isolated DNA molecule is in a form suitable for transformation of a 
host cell. In a further preferred embodiment, this isolated DNA molecule is 

25 integrated at a pre-determined location in a microbial host cell chromosome. 

In an alternative preferred embodiment, the DNA relates to a recombinant 
vector suitable for the transformation of the microbial pathogen containing the 
following items: a polynucleotide sequence encoding a prokaryotic tetracycline 
resistance protein; a polynucleotide sequence encoding a prokaryotic repressor 

30 protein; a first tetracycline-controllable transcription promoter polynucleotide 
sequence; with the following in sequence: a second tetracycline-controllable 
transcription promoter polynucleotide sequence; an isolated DNA molecule 
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comprising a polynucleotide sequence encoding the targeted gene; and a 
polynucleotide sequence encoding a reporter protein. 

A preferred embodiment is a DNA cassette as shown in Fig. 1 and as the 
components of Fig. 1 are described in this document. 
5 The above descriptions should completely describe the invention and the 

examples below, both synthesis examples and working models are provided to 
illustrate but not limit the above descriptions of the invention. 

EXAMPLES 

Materials and Methods 
10 Construction of Tetracycline-responsive DNA regulatory cassette: 

A DNA cassette is constructed for/fntroduction into S. aureus either by 
omologous recombination into the S. aureus chromosome at a specific site by 
Campbell-type recombination, see Campbell, A., 1962, Advan. Genet. 11, 45-101, 
incorporated into this document by reference, or on an autonomously replicating 
15 plasmid. For chromosomal integration, this DNA contains a region at one or both 
ends homologous to regions/of the S. aureus chromosomal DNA. The rest of the 
construct contains a recombinant DNA cassette as illustrated in Fig. 1. On an 
autonomously regulated plasmid, the recombinant DNA cassette in Figure 1 would 
contain DNA encoding a S. aureus gene. 
20 The first element of this cassette contains two transcription terminators, 

which are designed to prevent transcriptional read-^nrough from the chromosomal 
DNA into this insert as well as transcriptional read -through from the cassette into 
the chromosome. These are followed by a S. aureus gene conferring resistance to 
tetracycline, tetM. This gene was chosen because the mechanism of resistance does 
25 not appear to change the structure or concentration of tetracycline in the cell, rather 
it appears to provide an alternative elongation factor which is resistant to the 
tetracycline in translation, see Nesin, M., Svec, P., Lupski, J. R., Godson, G. N., 
Kreisworth, B., Kornblum, J. and/Projan, S. J., Antimicrob. Agents Chemother., 1990, 
34:2273-2276, incorporated intp^this document by reference. This gene is transcribed 
30 from left to right as shown in Figure 1. Alternatively, tetM could be incorporated 
somewhere else in the chromosome of S. aureus to provide a background strain useful 
for a number of targeted gene tests. The gene encoding E. coli tet repressor, tetR , see 
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Postle, K, Nguyen, T. T., and Bertrand, K. P., Nuc. Acids Rks., 1984, 12:4849-4863, 
incorporated into this document by reference, is transcribed as an operon with tetM 

from an adjacent promoter on the region containing ty^o diverging promoters (P tet 

and P xy p and two tetracycline operator sequences/fte^O). The tet repressor protein 
5 binds tetO sequences in the absence of tetracycline, preventing transcription from 
P xyl . In the presence of tetracycline, tet^pressor binds tetracycline and not tetO 

sequences, allowing transcription from P xy j. The strong B. subtilis promoter, P xy] , 

signals initiation of transcription/to the right as drawn in Figure 1, allowing 
transcription of S. aureus BlaZ' encoding beta-lactamase, an assayable marker gene 

10 which confers resistance to^impicillin, see Wang, P. Z. and Novick, R. P., 1987, J. 
BacterioL, 169:1763-1766; incorporated into this document by reference. When this 
DNA is inserted into the chromosome, the gene being tested as a target should be 
transcribed in an operon with BlaZ, and have similar transcriptional regulation. 
When the DNA \& contained on an autonomously regulated plasmid, the DNA 

15 encoding the target gene would be inserted next to BlaZ so that the target gene and 
BlaZ shoulcnbe transcribed in a single operon and have similar regulation. 

The following paragraphs describe how each of the DNA cassette elements are 
made. For totally synthetic elements (1 and 4), DNA oligonucleotides are designed to 
leave overhanging nucleotides at both ends that resemble the sticky ends left by 

20 digestion with restriction endonucleases. For elements amplified by PCR, 

oligonucleotides are designed to incorporate unique recognition sites for restriction 
endonucleases on both ends. These restriction sites simplify ligations with each other 
and with restriction enzyme digested plasmids. Oligonucleotides were synthesized by 
Genosys Biotechnologies, Inc., The Woodlands, TX. 

25 DNA ligations are performed in T4-DNA ligation buffer (50 mM Tris HC1, pH 

7.6, 10 mM MgC12, 10 mM dithiothreitol, 50 ug/ml bovine serum albumin) with 
T4-DNAligase (Boehringer Mannheim Biochemicals, Indianapolis, IN) at 14/C 
overnight. In general, PCR reactions are carried out in 50 ul reaction volumes using 
Taq polymerase and reaction buffer from Perkin- Elmer (produced by Roche Molecular 
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Systems, Inc., Branchburg, NJ). PCR reactions contained 40 uM each of dATP, dCTP, 
dGTP, and dTTP; 200 nM of each primer; and 1-100 ng chromosomal DNA or plasmid 
DNA. PCR reactions are heated at 95/C for 5 minutes to denature template, followed 
by 30 cycles of heating at 95/C for 1 minute, primer annealing at 50/C for 1 minute 

5 and elongation at 72/C for 1 minute. 
Construction of Element 1: Terminators. 

The sequence for the bidirectional terminators are derived from published S, 
aureus transcriptional terminators for sarA (Bayer, et al., J. Bacteriol. , 1996, 
178:4563-4570) and for pcrB (Iordenescu, S< Mol Gen. Genet, 1993, 241:185-192). 

10 This element was constructed from fou^oligonucleotides listed in Table I as CLQ459, 
CLQ460, CLQ461 and CLQ 462. Before annealing, 5 pmoles of CLQ460 and CLQ461 
were treated at 37/C for 30 minutes with T4 -polynucleotide kinase (New England 
Biolabs, Beverly, MA) in 2 mM^ATP, 100 mM Tris HC1, pH 7.6, 200 mM spermidine, 
10 mM DTT. The reaction was stopped by heating to 85/C for 20 minutes. The 

15 kinased CLQ460 and CLQ461 were then mixed with equimolar amounts of CLQ462 
and CLQ463, respectively, before heating to 90/C for 5 minutes, followed by cooling to 
room temperaturepver 30 minutes. The two pairs of annealed primers were then 
mixed in equimolar amounts, heated to 50/C for 5 minutes and allowed to cool to 
room temperaxure over 30 minutes. The cassette was ligated as described above 

20 before liganng with pUC 18 plasmid which had been digested with restriction 

enzyme^T Kpnl and Xmal. Figure 2 shows the polynucleotide sequence of this DNA 
fragirient. 

Construction of Element 2: Tetracycline Resistance. 

The structural gene of S. aureusjfetM (Genbank accession number M21136) 
K was amplified by PCR as described^bove, using primers CLQ463 and CLQ464 listed 
in Table I. These primers add im^que recognition sites for the restriction enzymes 
BamHI and Xmal, respectively. The template for amplification was provided by 
Serban Iordenescu (Publie'Health Research Institute, NY), plasmid pRN6880, and is 
derived from the plasimds published by Nesin, M., Svec, P., Lupski, J. R., Godson, G. 
30 N., Kreisworth, B^ICornblum, J. and Projan, S. J., Antimicrob. Agents Chemother., 
1990, 34:227372276. Figure 3 shows the polynucleotide sequence of this DNA 
fragment. 
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Construction of Element 3: Tetracycline Repressor* 

E. coli tetR (Genbank accession number J1830) was amplified by PCR using 
primers CLQ465 and CLQ467 or CLQ466 and CLQ467 from an E. coli strain carrying 
TnlO (Hillen, W. and Schollmeier, K, Nuc. Acids Res., 1983, 11:525-539). Primers 
5 CLQ465 and CLQ467 incorporate unique recognition sites for the restriction 
endonucleases Spel and BamHI, respectively and include the wildtype promoter 
sequence for this gene. When primer CLQ466 is paired with CLQ467, it amplifies a 
shorter region of tetR, starting near the Xbal restriction enzyme recognition site 
found near the start codon of the gene. This shorter construct allows for the cloning of 

10 non- wildtype leader and promoter sequences to control this gene. PCR reactions were 
carried out using whole cells after heating the reaction mixture to 95/C for 5 minutes 
and cycling 35 times through three successive steps of 95/C for 1 minute, 45/C for 1 
minute and 72/C for 1 minute. The PCR product was cloned using the pT7-Blue-T 
vector kit (Novagen, Madison, WI) according to the manufacturer's instructions. 

15 Figures 4a and 4b show the polynucleotide sequences of these DNA fragments. 
Construction of Element 4: Transcriptional Promoters. 

The synthetic promoter region contains two diverging transcription initiation 
signals and is derived from the one described by Geissendorfer and Hillen (Appl. 
Microbiol BiotechnoL, 1990, 33:657-663). It was constructed from oligonucleotides 

20 shown in Table I as CLQ468, CLQ469, CLQ 470, CLQ471, CLQ472 and CLQ480. 
Conditions for kinasing, annealing and ligating these primers were as described for 
construction of Element 1. Oligonucleotides CLQ469, CLQ470, CLQ471, and CLQ472 
were kinased before annealing CLQ469 with CLQ468, CLQ470 with CLQ471 and 
CLQ472 with CLQ480. After this annealing equimolar amounts of each pair was 

25 annealed with the other two pairs before ligation to each other and with pUC18 
digested with restriction enzymes Xbal and Pstl. When all 6 oligonucleotides were 
used to construct the promoter cassette, the tetR gene amplified with primers 
CLQ466 and CLQ467 was ligated to it and tetR will be transcribed from 
non-wild-type leader and promoter sequences. Alternatively, when the wildtype 

30 promoter and leader sequence from the tetR gene was included on the PCR fragment 
(using PCR primers CLQ465 and CLQ467 for amplification), the synthetic promoter 
element constructed with only oligonucleotides CLQ470, CLQ471, CLQ472 and 
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CLQ473 was ligated to it. Figure 5 shows the polynucleotide sequence of this DNA 
fragment. 

Construction of Element 5: Reporter Gene. 

The S. aureus BlaZ gene (Genbank accession number M15526), encoding beta- 
5 lactamase, was PCR amplified from plasmid pSA3800 (Novick, R. et al., Cell, 1989, 
59, 395-404) using oligonucleotides CLQ486 and CLQ475 (element 5a) or CLQ486 
and CLQ500 (element 5b) from Table 1. CLQ486 incorporates a unique recognition 
sequence for the restriction endonuclease Pstl. CLQ475 includes unique recognition 
sites for the restriction endonucleases SphI and EcoRI. CLQ500 includes unique 
10 recognition sites for the restriction endonuclease Pmel. The PCR products were 
cloned using the pT7-Blue-T vector kit (Novagen, Madison, WI). Figures 6a and 6b 
show the polynucleotide sequence of these DNA fragments. 

After all the PCR and synthetic DNA elements are assembled into a single 
cassette, the DNA cassette is ligated in a S, aureus plasmid. For those constructs 
15 designed to integrate into the chromosome, the cassette is also ligated to 

insertion-directing sequences made of homologous chromosomal DNA. The plasmid is 
passaged through S. aureus RN4220, see'Peng, H.-L., Novick, R. P., Kreiswirth, B., 
Kornblum, J. and Schlievert, P., 198^/J. Bacteriol. 170, 4365-4372, incorporated into 
this document by reference, a restriction minus, modification positive strain. Plasmid 
20 DNA purified from RN4220 is modified by native S. aureus DNA modification 

enzymes and is more readil^transformed into pathogenic S. aureus strains that have 
wild-type DNA restriction/systems, see Iordenescu, S. and Surdeanu, M., 1976, J. 
Gen. Microbiol. 96, 2777281, incorporated into this document by reference. Insert 
DNA released by Ec^>Kl restriction enzyme digestions is purified and circularized. 
25 This DNA is transformed into a pathogenic S. aureus strain, selecting for tetracycline 
resistance. Because the insert DNA does not have an origin of replication, it should 
not be maintained as an autonomous plasmid, and growth on tetracycline selects for 
recombinants where the cassette has been inserted into the chromosome. Southern 
blots or/PCR analysis are used to verify that the desired recombination event has 
30 occurred. 

For regulation of a target gene on an autonomously replicating plasmid, the 
DNA cassette ligated into a suitable plasmid vector is passaged through S. aureus 
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RN4220 for modification and then directly transformed intact into another S. aureus 
strain. This strain may be derived from a pathogenic strain but genetically 
engineered so that expression of the endogenous copy of the target gene is altered 
from the pathogenic parent. 
5 Alternatively, the genes encoding tetracycline resistance and the tetracycline 

repressor with a promoter sequence can be recombined separately into another region 
of the S. aureus chromosome. These genes do not need to be adjacent to the other 
DNA elements of the regulatory cassette. The DNA elements containing the 
transcription terminators, tetracycline regulated promoter and the p-lactamase 

10 reporter gene can still be constructed so that they recombine between the target gene 
and its transcription regulatory elements on the wild-type chromosome. 

The beta-lactamase reporter gene allows for measurement of transcriptional 
read-through at different tetracycline concentrations. If the tetracycline regulation 
works as expected in this system, the cells should make less beta-lactamase and the 

15 test gene at lower tetracycline concentrations. Ideally, no detectable levels of 
P-lactamase or the test gene would be found in the absence of tetracycline. If 
transcription of the test gene can be turned off in this way and the gene being tested 
is an essential gene, the cells should not survive in the absence of tetracycline. If the 
gene is not essential and appears to be regulated by tetracycline in this system, its 

20 potential as an antimicrobial target will be tested in an animal infection model. 
Animal infections are established with this genetically engineered bacteria while 
feeding tetracycline to the animals. We will look for clearing of the infection when 
tetracycline is removed from the infected animals* diet. 
Example 1 

25 In the first example, the validity of this approach is tested by controlling the 

regulation of a gene essential for S. aureus growth on minimal media lacking 
exogenous tryptophan: trpD, a gene encoding an enzyme of the tryptophan 
biosynthetic pathway. The strtuctural gene for trpD from S. aureus chromosomal 
DNA was PCR amplified with specific primers adding polynucleotide sequences for 

30 recognition by PstI endonuclease to each end. This PCR construct is ligated between 
the promoter (element 4a or 4b) and the BlaZ structural gene (element 5b) so that it 
will be transcribed from left to right as drawn in Figure 1. When cells are 
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transformed with this construct, the trpD gene should be transcribed from the P xyl 

promoter and transformants can be selected for by growth on tetracycline. This 
example serves as a positive control for the regulatory system. If the regulatory 
elements function as predicted, the presence of tetracycline will allow transcription of 
5 the beta-lactamase marker gene as well as trpD, and the cells will grow on media 
with or with out ampicillin and with or without tryptophan. In the absence of 
tetracycline, the tet repressor should bind the promoter, decreasing transcription of 
beta-lactamase and trpD. In this case, the cells would not be expected to survive in 
the absence of ampicillin or tryptophan. If they do survive, levels of beta-lactamase 

1 0 produced by these cells can be measured at different tetracycline concentrations to 
determine the level of repression achieved with the tet repressor. As long as there is 
some repression, this control can be tested in the animal infection to see if an 
infection established by these cells in the presence of tetracycline can persist in the 
absence of tetracycline. This is an indicator for how sensitive the system will be in 

1 5 testing target genes . 

Example 2 

In the second example, the validity of integrating the cassette into the 
chromosome is tested by controlling the regulation of a gene assumed to be essential 
for S. aureus growth: the gene encoding elongation factor Tu (EF-Tu). EF-Tu is 
20 required for protein translation and is a^proven target for antibiotics (Selva, E., 
Montanini, N., Stella, S., Soffietini, A /Gastaksi, L. and Denaro, ML, 1997, J. 
Antibiot. Tokyo 50, 22-26), incorporated by reference. Primers CLQ455 and CLQ456 
from Table 1 were used to PCR amplify one 320 base pair fragment from S. aureus 
chromosomal DNA corresponding to a region of DNA just upstream from the EF-Tu 
25 structural gene and including the 3' end of the structural gene for elongation factor G 
(Figure 7a). A second fragment, PCR amplified using primers CLQ505 and CLQ506 
from Table 1, corresponds to a region overlapping the 5' end of the EF-Tu structural 
gene (Figure 7b). The insertional DNA cassette was constructed by ligating these 
fragments to element 1 and element 5a, respectively. When this DNA fragment is 
30 used to transform^, aureus cells, the fragments direct recombination of the insert 
into the chromosome about 20 bp before the putative ribosome binding site for the 
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EF-Tu gene in the S. aureus chromosome. Insertion of the D^A fragment in the 

chromosome is selected by growth on tetracycline and amplcillin. Recombination into 

the desired site can be confirmed by Southern Blot or JFjdR analysis of chromosomal 

DNA, This example serves as a positive control for the regulatory system. If the 

5 regulatory elements function as predicted, the presence of tetracycline will allow 

transcription of the beta-lactamase marker gene as well as EF-Tu, and the cells will 

grow on media with or with out ampicillin^/In the absence of tetracycline, the tet 

repressor should bind the promoter, preventing transcription of beta-lactamase and 
j / 

EF-Tu. In this case, the cells would not/be expected to survive in the presence or 

10 absence of ampicillin because EF-Tu^is expected to be essential. If they do survive, 
levels of beta-lactamase produced/by these cells can be measured at different 
tetracycline concentrations to determine the level of repression achieved with the tet 
repressor. As long as there is some repression, this control can be tested in the 
animal infection to see if an^infection established by these cells in the presence of 

15 tetracycline can persist in the absence of tetracycline. This is an indicator for how 
sensitive the system will be in testing target genes. 
Example 3, 

In the third example, the DNA cassette^ constructed to allow testing of the S. 
aureus femA gene (Genbank accession number M23918). Elements 1, 2, 3, 4 and 5 
20 are the same as the elements in Example 2/ These elements were fused to two pieces 
of DNA corresponding to S. aureus chromosomal DNA around the femA structural 
gene. This gene has been identified a^a virulence factor: insertional inactivations of 
the gene reduce the virulence of a S. aureus pathogen (Mei-JM; Nourbakhsh-F; Ford- 
CW; Holden-DW, Mol-Microbiol. 1997 Oct; 26(2): 399-407.). Primers CLQ451 and 
25 CLQ452 from Table 1 were used to amplify one 369 base pair fragment of S. aureus 
chromosomal DNA just upstream from the femA structural gene and including the 3' 
end of trpA (Figure 8a). Primers CLQ501 and CLQ502 were used to amplify a seond 
fragment of S. aureus chromosomal DNA overlapping the 5' end of the femA 
structural gene (Figure'Sb). Ligation of the first fragment to element 1 in the 
30 insertional DNA cassette and the second fragment to element 5a directs 

recombination of the^nsert into the chromosome about 25 bp before the putative 
ribosome binding site of femA in the S. aureus chromosome when cells are 
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transformed with this construct. Again, insertion of th^t)NA fragment in the 
chromosome is selected by growth on tetracycline ar>d ampicillin. Recombination into 
the desired site is confirmed by Southern Blot or PCR analysis of genomic DNA 



isolated from the recombinant cells. Variatiojrin repression of beta-lactamase 
5 expression in the presence or absence oft^tracycline is expected to be similar for that 
seen in Example 2. However, femA is^eportedly not an essential gene for growth of 
the cells in vitro (Strander, A. M., Eh'lert, K, Labischinski, H., and Berger-Bachi, B., 
1997, J, Bacteriol. 179:9-16), so th'ese recombinant cells would be expected to grow 
I J even if transcription of BlaZ end femA is completely repressed in the absence of 
10 tetracycline. If femA is essential for the establishment of an infection and the 

absence of tetracycline prevents transcription of femA, these cells should not be able 
to establish an infection unless the animal has tetracycline in it. If femA is a good 
target for antibacterial agents, an infection with these cells established in the 
presence of tetracycline would be cleared with the subsequent removal of tetracycline. 
15 Example 4 

In the fourth example, the DNA cassette is constructed for insertion into the 
chromosome to allow testing of the Igt gene in S. aureus (Genbank accession number 
U35773). Encoding the first enzyme for the post-translational modification in 
lipoprotein biosynthesis, Igt has been shown to be an essential gene in E. coli (Gan, 
20 K, Sankaran, K, Williams, M. G., Aldea, M., Rudd, K E., Kushner, S. R., and Wu, H. 
C, 1995, J. Bacteriol. 177:1879-1882) and Salmonella typhimurium (Gan, K, Gupta, 
S. D., Sankaran, K, Schmid, M. B. and Wu, H. C, 1993, J. Biol Chem. 
268:16544-16550), incorporated by reference. However, the essential nature is 
believed due to toxic effects of unmodified pro-lipoprotein accumulation in the 
25 absence of Igt in these bacteria, and it is not yet known if Igt is an essential gene in S, 
aureus or if it is a gene required for infection. Primers CLQ453 and CLQ454 from 
Table 1 were used to PCR amplify a 450 base pair fragment from S. aureus 
chromosomal DNA corresponding to a region of DNA ending 15 bp upstream from the 
putative ribosomal binding site for the Igt structural gene (Figure 9a). Primers 
30 CLQ503 and CLQ504 from Table 1 were used to PCR amplify another fragment of 
the S. aureus chromosome overlapping the 5* end of Igt (Figure 9b). Ligation of this 
first fragment to element 1 and the second fragment to element 5a in the insertional 
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DNA cassette directs recombination of the insert into the chromosome about 25 bp 
before the putative ribosome binding site of Igt in the S. aureus chromosome when 
cells are transformed with this construct. Again, insertion of the DNA fragment in 
the chromosome is selected by growth on tetracycline and ampicillin. Recombination 
5 into the desired site is confirmed by Southern Blot or PCR analysis of chromosomal 
DNA. Variation in repression of ^-lactamase expression in the presence or absence of 
tetracycline is expected to be similar for that seen in Example 2. If transcription of 
BlaZ is repressed in the absence of tetracycline in this construct, Igt should also be 
repressed and the cells should grow only if Igt is not an essential gene. If it is not an 
10 essential gene, it can be tested in the animal infection model to determine if shutting 
off Igt transcription clears the infection. 
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Table 1. 

Synthetic oligonucleotides used in PCR amplification or cassette construction. 
NAME SEQUENCE 

CLQ45 1 ACGCACGAGCTCGGTTGCAGATGGCATTGTC (SEQ ID NO: 1) 
5 CLQ452 GGGGTACCCCCTCTGCAAATGTCAAA (SEQ ID NO:2) 

CLQ453 ACGCACGAGCTCAGATCTTCGCTTGTGCGG (SEQ ID NO:3) 
CLQ454 GGGGTAC C C GCTGAAGAGATAGCGATTG (SEQ ID NO:4) 
CLQ455 ACGCACGAGCTCTTTCAGAAATGTTCGGTTATG (SEQ ID NO:5) 
CLQ456 GGGGTACCAAATTTATCTCTCATGATAG (SEQ ID NO:6) 
10 CLQ457 CAGGTACAGCAGTAAGTAAGC (SEQ ID NO:7) 
CLQ458 GTCAACGTGAGCGTAGTGACG (SEQ ID NO:8) 
CLQ459 CGAAGTTTGATAGATGATACATTCTATTAAACTTC^ 
(SEQ ID NO:9) 

CLQ460 AAACAATGATTATCTACCTTATTAGTGCAGATAGATAACCATTGTTTATC 
15 (SEQIDNO:10) 

CLQ46 1 AGCATAAAAAAAGGAAGTTTAATAGAATGTATCATCTATCAAACTTCGGTAC 

(SEQ ID NO:ll) 
CLQ462 

CCGGGATAJ\ACAATGGTTATCTATCTGCACT^ 

20 (SEQIDNO:12) 

CLQ463 CGGGATCCAATGGAGGAAAATCACATG (SEQ ID NO: 13) 
CLQ464 TC CCCCCGGGTAGGAC ACAATATCCACTTGTAG (SEQ ID NO: 14) 
CLQ465 GACTAGTTTGACAAATAACTCTATCAATGATAGAGTGTC (SEQ ID NO : 15) 
CLQ466 TAATGATGTCTAGATTAGATAAAAGT (SEQ ID NO: 16) 

25 CLQ467 CGGGATCCTTAAGACCCACTTTCACATTT (SEQ ID NO: 17) 
CLQ468 

CTAGACATCATTAATTCCTCCTTTTT 

(SEQ ID NO: 18) 
CLQ469 

30 CTAGTTTGACAAATAACTCTATCAATGATAGTGTCAACAAAAAGGAGGAATTAATGATGT 
(SEQ ID NO: 19) 

CLQ470 CTAGTTTTTTATTTGTCGAGTTC (SEQ ID 

NO:20) 

CLQ471 TTTTTTTTAGTTTTTCATGAACTCGACAAATA^ (SEQ ID NO:21) 

35 CLQ472 ACTCTATCATTGATAGAGTATAATTAAAATAAAAAAGCTGCA (SEQ ID NO:22) 
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CLQ475 AC AT AC GC ATGC GAATTCTTAAAATTC C TTC ATTAC AC TC (SEQ ID NO:23) 

CLQ480 GCTTTTTTATTTTAATTATACTCTATCAATGATAGAGTGTCAA (SEQ ID NO:24) 

CLQ486 AACTGCAGTAATATCGGAGGGTTTATTTTG (SEQ ID NO:25) 

CLQ500 GTTTAAACTTAAAATTCTTCATTACACTC (SEQ ID NO:26) 

5 CLQ501 GGAATTTTAAGTTTAAACTGCAAATACGGAAATGAAATTAAT (SEQ ID NO:27) 

CLQ502 ACATACGCATGCGAATTCAAGTATTGATATGGTAAATATGG (SEQ ID NO:28) 

CLQ503 GGAATTTTAAGTTTAAAC GAGG AGTAGGTTG AATGGGTA (SEQ ID NO:29) 

CLQ504 ACATACGCATGCGAATTCCTTGCGCTAAAATTATAC (SEQ ID NO:30) 

CLQ505 GGAATTTTAAGTTTAAACGAATAGGAGAGATTTTATAATGGC (SEQIDNO:31) 

10 CLQ506 ACATACGCATGCGAATTCACGAGTTTGTGGCATTGGACC (SEQ ID NO:32) 
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